Background
Introduction
Hypertension affects 30 to 45% of adults worldwide [1] , and has been associated with stroke, ischemic heart disease and other cardiovascular diseases [2] , being responsible for approximately 13% of all deaths worldwide [3] .
As part of a comprehensive lifestyle modification approach, hypertensive patients are advised to practice at least 30 min of moderate-to-vigorous physical activity (MVPA) on five to seven days per week [1, 4, 5] . Interventional studies have shown beneficial effects of different structured and supervised exercise interventions on cardiovascular variables [6] [7] [8] [9] . However, the influence of the amount and intensity of unsupervised daily physical activities on blood pressure (BP), arterial stiffness-considered as a strong predictor of increased cardiovascular risk [10] -and in heart rate variability [11] have not been sufficiently studied.
Studies have shown controversial results on the influence of the time spent doing MVPA, light physical activities (LPA) and sedentary activities (SED) on cardiovascular health [12] [13] [14] [15] [16] . More time spent in MVPA has been associated with lower levels of BP [14] and with some, but not all, indexes of arterial stiffness [14] [15] [16] . Additionally, studies have shown that the time spent in LPA was associated with lower BP levels [12] and arterial stiffness [12, 16] , but these are not universal findings [13, 15] . Another study has indicated that time spent in SED is inversely related with arterial stiffness parameters [15] , while other researchers reported no significant relationships [16] . Interestingly, the single study [14] that analyzed hypertensive subjects observed that lower time spent in SED and higher time spent in LPA are associated with lower BP and arterial stiffness indicators, suggesting that different physical activity intensities have the potential to affect cardiovascular parameters in hypertensive patients. However, since this study did not adjust the regressions for the amount of time spent in MVPA, which has been shown to influence cardiovascular parameters [16] , studies using this adjustment are needed to confirm these results.
Understanding of how the time spent in physical activity of different intensities affects cardiovascular parameters in patients with hypertension is necessary to expand public health recommendations for these patients, including suggestions related to physical activity intensity. Thus, the purpose of this study was to investigate the association between the time spent in physical activity of different intensities and BP levels, arterial stiffness and autonomic modulation in hypertensive patients. Our hypothesis was that less time spent in SED and more time spent in physical activities are associated with better BP, arterial stiffness and cardiac autonomic modulation indicators in hypertensive patients. data and analyses for the current cross-sectional study were part of the baseline assessments obtained for this Randomized Clinical Trial. The recruitment was carried out through local media advertisements and flyers distributed in hospitals and in the surrounding area of the University of Pernambuco, Recife, Pernambuco State (northeast of Brazil), in 2014. The study protocol was approved by the ethics committee of the Federal University of Santa Catarina (811.266) in compliance with the Brazilian National Research Ethics System Guidelines. Written informed consent was obtained from each patient prior to investigation.
Screening. As inclusion criteria, participants were required to be 40+ years old, hypertensive and to have been taking antihypertensive drugs for at least three months prior to the study. Additionally, participants were required not to have diabetes, other cardiovascular diseases or physical disabilities, and not to be involved in regular physical activity programs.
Physical activity assessment
Physical activity was assessed by a GT3X or GT3X+ accelerometer (ActiGraph, Pensacola, FL, USA) and Actilife software (ActiGraph, Pensacola, FL, USA) was used to analyze collected data. Each participant was instructed to use the accelerometer for seven consecutive days, removing it only to sleep, bathe or perform activities involving water. The device was attached to an elastic belt and fixed to the right side of the hip. Data were collected with a 30 Hz sample frequency and were analyzed using 60 s epochs. Periods with consecutive values of zero (with a 2 min spike tolerance) for 60 min or longer were interpreted as "accelerometer not worn" and excluded from the analysis [17] . Physical activity data were included only if the participant had accumulated a minimum of 10 hours/day of recording for at least four days including one weekend day. The average time spent in each physical activity intensity was calculated using the cutoff points proposed by Freedson et al [18] , considering SED as 0-99 counts/min, LPA as 100-1951 counts/min, moderate physical activity (MPA) as 1952 counts/min and vigorous/ very vigorous physical activity as 5725 counts/min using the vertical axis, and analyzed in min/day, adjusting for the number of days the device was worn.
Outcome measurements
Prior to all outcome measurements, the patients were instructed to avoid physical exercise for at least 24 hours prior to the visit, avoid smoking, alcohol and caffeine ingestion for at least 12 hours and to eat a light meal before arriving at the laboratory. In the laboratory, a rest period of 10 min in the supine position prior to taking the measurements was instructed. All measurements were taken in the supine position in a quiet environment, with monitored temperature. The volunteers were asked to attend the laboratory twice. During the first visit the patients were submitted to anthropometry, heart rate variability and body composition assessments. At the end of this first visit, they received the accelerometer to use during the following seven days. After this period, they returned with the accelerometer to the laboratory for the second visit, at the same time of the day as the first visit and brachial and central BP and arterial stiffness were evaluated, in this order.
Primary outcome measures
Blood pressure. Brachial systolic and diastolic BP were measured on the left arm using an automatic oscillometric instrument (Omron HEM 742-E, Bannockburn, USA). Measurements were taken on two non-consecutive days, and three measurements were performed on each day, with a one minute interval between measurements. The mean of all BP values measured was used for analysis. All the measurements were taken by the same evaluator (systolic BP: ICC = 0.85 and diastolic BP: ICC = 0.92).
Central systolic and diastolic BP were obtained by the pulse wave analysis that was recorded in the left radial artery using applanation tonometry (SphygmoCor-AtcorMedical, Sydney, Australia) and the validated transfer function algorithm provided by the Sphygmocor1 software. All measurements were performed by the same evaluator (systolic BP: ICC = 0.84 and diastolic BP: ICC = 0.72), according to guidelines specified by the Clinical Application of Arterial stiffness, Task Force III [19] . To enhance the accuracy of measurements, only those values whose quality index exceeded 80% were used.
Secondary Outcome Measures
Anthropometry, demography, and use of antihypertensive drugs. Body mass was measured with participants wearing light clothes and barefoot, using an automatic scale (Welmy, São Paulo, Brazil) accurate to the nearest 0.1 kg. Height was measured using a stadiometer connected to a scale accurate to the nearest 0.5 cm. Demographic information and a list of current antihypertensive drugs used were obtained by individual interview.
Body composition. Total body fat and trunk fat were estimated by densitometry scans for dual-energy X-ray absorptiometry (Lunar Prodigy DXA, model NRL 41990, GE Lunar, Madison, WI). Scans were performed with patients in the supine position along the longitudinal centerline axis of the table. The software generated standard lines that separated the limbs from the trunk and head. For the assessment, participants were instructed to remain clothed, but were asked to remove any metallic objects. The procedure lasted five to ten minutes for each individual and was carried out by the same technician who calibrated the device. All the procedures were carried out following the manufacturer's recommendations. The percentage of fat was calculated by dividing the amount of fat by the weight of the segment analyzed (trunk or all body).
Arterial stiffness and wave reflection parameters. The arterial stiffness and wave reflection parameters were obtained through carotid-femoral pulse wave velocity (cfPWV) and augmentation index respectively. For these measurements, the applanation tonometry (SphygmoCor-AtcorMedical, Sydney, Australia) method was used. The measurement of these parameters was performed by the same evaluator (cfPWV: ICC = 0.91 and AI: ICC = 0.80) according to guidelines specified by the Clinical Application of Arterial Stiffness, Task Force III [19] . The augmentation index was expressed as a percentage of the ratio of augmented pressure to pulse pressure, based on the pulse wave analysis measured in the left radial artery. For measurement of cfPWV, the sternal notch to carotid distance was subtracted from the total distance between carotid and femoral. Simultaneous ECG was assessed to obtain heart rate and, according to a "foot-to-foot" method, the time difference between the points was measured. Then, the distance between the two arteries (D) was divided by the time difference (Δt). Thus, the PWV = D/(Δt) (m/s).
Cardiac autonomic modulation. For cardiac autonomic modulation assessment, R-R interval was obtained using a heart rate monitor (Polar, RS 800CX; Polar Electro Oy Inc, Kempele, Finland). Participants remained in the supine position for 10 minutes, after approximately 10 minutes at rest. All analyses were performed with Kubios HRV software (Biosignal Analysis and Medical Imaging Group, Joensuu, Finland) by a single evaluator (ICC = 0.99), following the recommendations of the Task Force of the European Society of Cardiology and the North American Society of Pacing and Electrophysiology [20] . The frequency-domain parameters were analyzed using spectral analysis of heart rate variability. Stationary periods of the tachogram of at least 5 min were broken down into bands of low (LF) and high (HF) frequency using the autoregressive method with a fixed model order of 12 according to Akaike's information criteria. Frequencies between 0.04 and 0.4 Hz were considered physiologically significant; the LF component was represented by oscillations between 0.04 and 0.15 Hz, and HF was represented by oscillations between 0.15 and 0.4 Hz. The power of each spectral component was normalized by dividing the power of each spectrum band by the total variance, minus the value of the very low frequency band (<0.04 Hz), and multiplying the result by 100 [20] . To interpret the results, the LF and HF of the heart rate variability, showed in normalized units (n.u.), were considered, respectively, as markers of predominantly sympathetic and parasympathetic modulation of the heart [20] .
Statistical analyses
The data were stored and analyzed using the Statistical Package for the Social Sciences (SPSS Version 17.0 for Windows). Normality was checked using the Shapiro-Wilk test and the Levene test was used to analyze the homogeneity of variances. Continuous variables were summarized as mean and standard deviations or in median and inter-quartile range, whereas categorical variables were summarized as relative frequencies.
Mean values of cardiovascular risk factors were compared using the ANCOVA one-way test with sex, age, trunk fat, number of antihypertensive drugs, MVPA and accelerometer wear time as covariables, according to the level of physical activity, categorized by low, moderate and high, according to tertiles, for SED ( Multiple linear regression analyses were conducted to examine the relationship between SED and LPA and cardiovascular parameters, adjusting for sex, age, trunk fat, number of antihypertensive drugs used and accelerometer wear time (model 1) and also including MVPA (model 2). The same approach was employed to analyze the relationship between MPA and cardiovascular parameters adjusting for sex, age, trunk fat, number of antihypertensive drugs used and accelerometer wear time with and without including LPA. A residual analysis was performed, and adherence to the normal distribution was tested using the Shapiro-Wilk test. Multicollinearity analysis was performed assuming variance inflation factors less than five and tolerance below 0.20. For all the statistical analyses, significance was accepted at P < 0.05.
The required sample size (n = 51) for linear multiple regression test was calculated using the software GPower (3.1.9), considering the brachial systolic BP as the main variable, an alpha of 95%, a power of 80%, an effect size of 0.33 predicted by a squared correlation coefficient of 0.25, and seven variable predictors.
Results
Eighty-seven patients (57.5 ± 9.9 years old; 79% female) participated in this study (Table 1) . Minutes spent in SED, LPA, and MVPA accounted for 60 ± 9%, 37 ± 8% and 3 ± 3% of daily physical activity, respectively.
After adjustments it was observed that the patients with higher time in SED presented higher systolic (brachial) and diastolic (brachial and central) BP (P < 0.05), while the group with higher time in LPA presented lower systolic (brachial and central) and diastolic (brachial) BP (P < 0.05) (Fig 1) .
There were no differences in arterial stiffness and in cardiac autonomic parameters among patients classified according to tertiles of minutes spent in SED or LPA (P > 0.05) ( Table 2 ).
Regarding the comparison among patients classified according tertiles of minutes spent in MPA, significant differences were observed only for LFnu and HFnu (F = 4.59; P = 0.01). Those classified in the first tertile (< 12.7 min/day of MPA) had LF and HF higher and lower (Δ = 7.5 (n.u.)), respectively, than those in the 3 rd tertile (> 23.1 min/day of MPA). Considering MVPA, the results of this analysis were similar. Table 3 shows the association between LPA and BP, arterial stiffness and cardiac autonomic modulation.
Inverse relationships were observed between LPA and BP (brachial and central systolic and diastolic) (P < 0.05) after adjustment for sex, age, trunk fat, number of antihypertensive drugs and accelerometer wear time (model 1). When MVPA was included in the adjusted analysis (model 2) the relationships between LPA and all the BP measurements remained significant (P < 0.05) (Fig 2) . Arterial stiffness parameters and cardiac autonomic modulation were not related to LPA in both models of adjusted analysis (P > 0.05).
Inversely to results seen with LPA, time spent in SED was positively associated with brachial and central systolic and diastolic BP both in model 1 (ß = 0.44 to 0.29; P < 0.05) and model 2 (ß = 0.68 to 0.31; P < 0.05). There were no relationships between SED and arterial stiffness and cardiac autonomic modulation (P > 0.05).
Time spent in MPA was not associated with BP (bSBP: ß = 0.07 and P = 0.43; bDBP: ß = -0.02 and P = 0.67; cSBP: ß = -0.01 and P = 0.88; cDBP: ß = -0.05 and P = 0.36), arterial stiffness 
Discussion
The main findings of the present study were: (i) SED and LPA were related to both brachial and central BPs in hypertensive patients; (ii) arterial stiffness and cardiac autonomic modulation parameters were not associated with the time spent in SED and LPA. The BP results concurred with our hypothesis, while the findings regarding arterial stiffness and cardiac autonomic modulation parameters did not.
The strengths of the study include the use of scientifically recognized techniques to assess physical activity, brachial and central BPs. Brachial BP was measured twice in non-consecutive days and only hypertensive patients were included in the study, contributing to a better comprehension about the influence of different physical activity intensities on hypertension. In addition the inclusion of the trunk fat as a confounder factor should be highlighted, since it was assessed by one of the best techniques to evaluate body composition [21] , and because obesity has been considered the major risk factor for the development of hypertension. Increased adiposity, especially visceral fat, activates the renin-angiotensin-aldosterone system and the sympathetic nervous system in addition to a physical compression of the kidneys, leading to altered intrarenal hemodynamics and impaired sodium excretion, which contribute to increased BP and to a higher difficulty for BP control [22] .
The relationship between the time spent in SED and BP observed in this study is in agreement with a previous study of hypertensive patients [14] . Additionally, the literature has shown a positive relationship between SED and clustered metabolic syndrome risk score [13] and mortality [23] . Interestingly, in our study the relationships remained significant after adjustments for trunk fat and MVPA, which could confound this relationship. The mechanisms underlying the relationship between SED and BP are not well understood, however it has been shown that decreases in skeletal muscle contraction due to prolonged time spent in SED suppress the lipoprotein lipase action, increasing free radical production and inflammation and consequently increasing BP [24] . Nevertheless, future studies are required for a better understanding of the biological link between the time spent in SED and BP.
Associations between higher time spent in LPA and improvements in several cardiovascular risk factors such as triglycerides [25] , HDL cholesterol [13, 26] , and waist circumference [13, 26] have been previously reported in healthy patients [25] and in subjects with metabolic syndrome Table 3 . Relationship between light physical activities and blood pressure, arterial stiffness and cardiac autonomic modulation parameters in hypertensive patients. [13, 26] . This study showed that higher time spent in LPA is also associated with lower BP levels in hypertensive patients, which is in agreement with previous studies involving healthy adults [12] and patients with hypertension [14] , although some researchers did not find the same results [13] . In practical terms, the results of linear regression indicated that each 100 minutes per day engaging in LPA is associated with a decrease of 6.8 and 3.6 mmHg in brachial systolic and diastolic BPs, respectively. As a 2 mmHg reduction of systolic BP results in a 6% decrease in stroke mortality and a 4% decrease in mortality attributable to coronary heart disease [27] , these findings potentially impact the morbidity of hypertensive patients. Interestingly, LPA was also inversely associated with central BP, indicating that LPA influences both peripheral and central arteries. Hypertensive patients present increased BP in both central and peripheral arteries, however antihypertensive treatment strategies have shown different effects on brachial and central BP, most of them acting mainly in peripheral arteries [28, 29] . As central BP has been considered a strong predictor of cardiovascular events and target organ damage [30] , the beneficial association observed between LPA and a reduction in central BP indicates a possible effect of physical activity, even in low intensity, in reducing cardiovascular risk in hypertensive patients. The mechanisms linking LPA and decreases in central BP are not clear. However, considering that central BP has been related with peripheral vasculature [31] , we speculate that there is a peripheral effect of LPA [32] , which should be further investigated.
The time spent in MPA was not associated with BP. Although these results are in disagreement with previous studies [14, 33] which showed inverse relationships between MVPA and BP levels, it is important to highlight that our patients performed less than 1 min/day of vigorous physical activity. As the time spent in moderate and vigorous physical activities has not been described, it is possible that in previous studies subjects spent more time engaging in vigorous activity, which could explain the observed associations. In fact, there is evidence [34] that daily physical activity duration, rather than intensity, is associated with cardiovascular risk factors in older adults not engaged in exercise programs. Therefore, the lack of association between MPA and BP may also be related to the short time (low volume) spent doing this type of activity by patients in this study.
In addition neither SED, LPA nor MPA were associated to arterial stiffness parameters and cardiac autonomic modulation, which does not concur with previous studies [12, 14, 35] . As the present study included only subjects not engaged in regular exercise programs and taking antihypertensive medication, the controversy between studies may be caused by the different types of physical activity practiced and drugs used. Our results suggest that time spent in SED, daily low intensity physical activities and unstructured MPA (or MVPA) are not sufficient to promote benefits in these cardiovascular components. In fact, improvements in arterial stiffness [7, 36] and in heart rate variability [37] have been observed after regular high or moderate intensity exercise training programs. Thus, a regular training program with adequate exercise intensity may be necessary to improve arterial stiffness and heart rate variability, instead of sporadic daily physical activities. Additionally, the influence of medication use on these results cannot be ignored, considering that other studies [12, 14] included non-medicated subjects.
The positive and inverse relationship between SED and LPA, respectively, and brachial and central BP show the importance of LPA in hypertensive patients. Thus, physical activity prescription should consider the recommendation of LPA for BP control, especially because it is easier to include in daily activities [24] . Therefore, we suggest that the physical activity recommendations for hypertensive patients should emphasize the importance of replacing SED with LPA. Simple changes in daily routine, such as using the stairs instead of the elevator, walking instead of using the car for short distances, reducing screen time, and breaking long periods of sitting time with movement could provide benefit to these patients.
The cross-sectional design is the major limitation of this study. Interventional studies are required to confirm these findings and to make inferences about causality. Additionally, we suggest for future studies the rigorous control of antihypertensive drugs. The patients were using different antihypertensive drugs. Although the lack of association between SED, LPA or MPA and the number of antihypertensive drugs used may be related to other factors related to cardiovascular control (i.e. genetic, hormones, eating habits, other pathologies), specific influence of the type and dose can have occurred, which was not controlled in the study. The small sample size and the impossibility to access cfPWV of all participants due to technical difficulties, should also be considered as limitations of this study, and could partially help to explain why the expected association between SED and LPA and arterial stiffness and cardiac autonomic modulation was not seen. Finally, as the subjects of this study were not engaged in regular exercise programs, the results could not be extrapolated for patients who are engaged in such programs.
In conclusion, this study indicated that lower time spent in SED and higher time spent in LPA are associated with lower brachial and central BP, without affecting arterial stiffness and autonomic modulation in hypertensive patients. 
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